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Collaborative Reasoning on Self-Generated Analogies: 
Conceptual Gronth in Understanding Scientific Phenomena 



Abstract 

This study investigated fourth graders' self-generated analogies, that is, own analogies giving self-explanations - 
opposed to analogies provided by a teacher* and the effects of their collaborative reasoning and arg uin g over these 
analogies on individual understanding of three scientific phenomena concerning air pressure. At the beginning the 
children were individually asked to give their own explanations, explicitly encouraged to think of something similar 
which could help them to understand better what they had experienced. Then, di\idcd in small groups they were asked 
to compare their accounts to collaboratively reach a shared explanation of each phenomenon. At the end, the children 
were again individually asked to give their explanations. The data underwent both a qualitative and quantitative 
analysis. The firs, showed that the children, on the basis of their alternative representations of what air could do, 
produced and used their own analogies as self-explanations both to help them learn the new material and 
commumcate their understanding to others. Moreover, the analysis of the collaborative reasoning and arguing 
developed in small group discussions revealed that through steps of critical opposition and co-construction, the 
learners negotiated and renegotiated meanings and ideas to share a new common knowledge based on the 
explicitations of more appropriate analogies supporting more advanced e.planations. The quantitative analysis showed 
that socio-cogiutive interaction in small groups was fruitful as the children significantly progressed on an individual 
plane in giving their own e.\planations of each phenomenon as well as in recognizing the similarities between the 
three phenomena. In addition, the qualitative data showed evidence that the children were able to e.xplicit 
metacognitive awareness of their conceptual growth. Finally, educational implications have been drawn. 



Collaborative Reasoning on Self-Generated Analogies: 
Conceptual Growth in Understanding Scientific Phenomena 



Thcorcticai framework 

This stud> investigates the production and use of elementary school children's own analogies, as 
opposed to analogies provided by a teacher, and their collaborative reasoning and arguing on them 
within a socio-constructi\ist learning environment characterized as a community of discourse (Brown, 
1995; Brown et al., 1993; Brown & Campione, 1994). 

Analog) is the transfer of a relational structure from a known domain (the source) to another 
fundamcnully similar but less known domain (the target). All the sv-stcmatic approaches which 
explain how this mapping occurs attribute crucial importance to the mapping stage of the source 
characteristics into the target and to the elaboration of higher-order relations connecting the two 
domains (i.c. Gcnlncr. 1983; 1989; Gick A Holyoak, 1980, 1983; Holvoak, 1985, Sternberg, 1977, 
1982). Analogy is thought to be one of the fundamental methods to enhance knowledge in the 
processes of scientific discovery. Historical accounts of scientific insights, based on scientists' 
retrospective reconstruction of them, have described several examples erf the potenual of analogies 
"I (DreistadU 1968; Hesse, 1966; Oppenheimer, 1956) in the practice of science within the scientific 

community. A study carried out by Clement (1988) on problem solving strategies used by physics 
e.vpcrts in an artificial setting pointed out the spontaneous use of analogies Evidence provided by 
thinking aloud revealed three different methods of analogy generation: generation via a principle, 
generation via an association, and generation via transfonnatiou The useifimess of some analogies 
appeared to lie in the -provocative" function of activating addiuonal knowledge schemes. This was 
different from the direct transfer function where knowledge was mapped directly from the analogous 
case to the original one. In some cases an analogy could lead to the discovery of new causal factors in 
the e.xamined system and to the development of a new mental model for urxlerstanding the system. 
Analogy is also valued for producing meaningful school learning understood as a generative process 
in which students construct relations among experiences, concepts, and higher-order principles 
(3^irtrock, 1985), It can act as a valuable tool to teach and learn complex concepts in curricular 
domains (Bransford et. al., 1989; Duit, 1991; Glynn, 1990, 1991. 1994, Prawat, 1989; Stepich A 
Newby, 1988; Suzuki. 1994). Several empirical studies have addressed the role of instructional 
analogies in teaching and learning contents of different science fields. They have indicated the 
condiUons under which analogies may be effecUve aids in building richer representations of new 
concepts by enhancing the connection of information and the elaboration of more comprehensKr and 
integrated knowledge structures (i.e. Clement, 1989; Newby, Eartmcr, A Stepich, 1994; Simons, 
O Vesta, 1991). In particular, some studies have recently pointed out the success of 

^ u> conceptual change. Innovative reieareh hasjieca canted out oo the effecu of analogy in 
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teaming science concepts by taking into account students' preexisting knowledge CBrowii, 1994; 
Joshua & Dupin, 1987; Mason, 1994 a, b; SU\y, 1991; Treagust, Harrison, & Vemille, 1993). One of 
the most influential instructional approaches designed to use analogies to overcome learners' 
alternative conceptions in physics, successfully employed by Clement and his collaborators, is the 
'Tjridging analogies' approach (i. e. Clement, 1993; Brown & Clement, 1989). 

It is noteworthy that tesearch on instructional analogies has focused on analogies provided by teachers 
or experimenters as aids to construct and remember newly learned information. Ottly very recently the 
potential of self-generated analogies, that is when learners use their own analogies as opposed to 
analogies provided by an adult, has begun to be investigated. Cosgrove (1991) has analyzed eighth 
graders-suggested analogies in learning about electricity, domain in which a major obstacle to 
learning the scientifle view concerns the belief that electricity is used up, so resistors are thought of as 
consumers of charge rather than as hindrances to its flow. Within a non direct teaching episode, the 
students were encouraged to propose their own analogies to deal with an aspect of electricity, the 
notion that moving charges are conserved. The development of a particular analogy as a part of the 
process of making sense of the phenomenon led to the construction of a transitional framework, that 
is, an intermediate position in which the conservation of cunent could be recognized. Zook and Maier 
(1994) have investigated the generation of own personal analogies as elaboration devices by analyzing 
the feamres of those analogies and the interpretations novice and expert middle school students 
provided for them. The results of their study demonstrated that novices often generate analogies for 
themselves that are superficially similar to the examples that they have already' e.xperienced. 
Moreover, their aiulogies may often fail to account the essential target ■domain features, thus 
mi nimizing their effectiveness as explanatory models. Young novices are more likely to form 
misconceptions because of their difficulties to construct relational interpretations of analogies. 
However, it is noteworthy that this study did not take into account students' prior knowledge on the 
target science contents which could have strongly affected the production of their own analogies. 
Wong (1993 a, b) has investigated the self-generation of analogies as a means for advancing 
corKeptual understanding in college students. The participants were asked to create, apply, and 
modify their personal analogies as a heuristic for constructing evaluating and modifying their own 
explanabons for the given scientific phenomena. Remarkable changes in explanations were observed, 
which ranged from the aeation of new ones to the raising of important questions about the nature of 
the examined phenomenoit 

These three studies indicate that students approaching new science contents may take advantage from 
the systematic production and application of their own analogies. Self-generated analogies can be seen 
as a kii<d of self<xplanation produced to integrate new information into existing knowledge, which 
according to the recent research carried out by Chi and collaborators (1994), enhances learning and 
understanding even when it is conceptually inaccurate. Therefore, students can be encouraged to use 
personal analogiea, as experts spontaneously do in scientific problem solving (Clement, 1988), to 
generate explanations of given phenomeni. Evaluating the luooeas of their project 'Community of 
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learners" they arc implementing in inncr<ity elementary and middle schools, Brown and Campione 
(1994) found that tl : quality of students' analogies irKreased as they progressed in critically thinking 
about kno^^'lcdge. in particular, they progressed from using surface similarities to using deep 
similarities between situations and phenomena. If initially they could draw simple analogies, such as 
between human eyes and car headlights, later they made ath'anced analogies, such as between a car 
engine and the human heart to explain the underlying mechanisms. 

The three above mentioned studies on the self-generation of analogies ha\t addressed older students 
who were involved, with the exception of the first study, only in indi\idual activity. .It seemed 
relevant to expand the focus of research towards younger students who, in a Vygotskian frame of 
reference, are supposed to better perform in a collaborative learning envirorunent since reasoning in 
children is mainly manifested in the externalized form of discussing and arguing with someone else. 
According to the social constructixist perspective, the present study assumes that knowledge growth 
occurs as a result of personal interactions in social conte.xts (Vygotsky, 1978, VVersch, 1985; Resnick, 
Levine, & Teasley, 1991). Social mtcraction in the classroom takes place in collaborative situations 
such as discussions, both between peers and between teachers and students, giving learners cognitive 
apprenticeship opportunities to acquire cultural reasoning and argumentation ways (Collins, Brown, 
& Newman, 1989). Research has pointed out that argumentation processes in classroom discussions 
can foster the acquisition of conceptual knowledge (Urown & Campione, 1990, 1994; Brown & 
Palincsar, 1989; Driver et al., 1995, Kobayashi, 1994; Mason, submitted; Pontecorvo, 1997, 1990). 
Giving students opportunity to e.xplicit their own explarutions, in this case through self-generated 
analogies, and then compare, challenge, evaluate, and modiiy- them collaboratively on the 
interpsychological plane to reach better understanding of the examined phenomena may be a fruitful 
breeding ground for individual conceptual growth, that is, more advanced knowledge may be 
appropriated on the intrapsychological plane by socio-cognitive interaction on a conceptual content. 
According to Larreamendy-Joems and Chi (1994) the effectiveness of social interacuon in enhancing 
science learning can be attributed to the fact that a collaborative learning context encourages 
production of self-explanations about information which is unavailable and yet required to completely 
understand the concept to be learned. Therefore, if a student explicits a self-generated analogy to 
explain a scientific phenomenon he or she can be required to give reasons supporting it and if it 
happens to be wrong after a critical examination, subsequent more correct information can be 
constructed with peers in order to give a more satisfying account of the examined situation. In other 
words, collaborative reasoning and arguing can increase the positive effect that self-explanations 
produce when there is no social interaction (Laneamendy-Joems A Chi, 1994). In that respect a 
complementary point of view on the effectiveness of social interaction refers to the fact that a 
collaborative learning context by assuring the confrontation of different ideas can foster metaoognitive 
awareness of one's own conceptions. By sharing with aitd for others the inquiry about what ties 
behind their own conceptions, the discussion participants bring to the surface the representations and 
presuppositions on which their conceptions rely. In such a wty each interlocutor has the opportunity 
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to be aware of his or her own ideas and to transform them into "reasoned theories" (Kuhn, 1993). 
Students' metaconccptual awareness of their own representations through which they interpret and 
make predictions about the world has recently been acknowledged as crucial in conceptual change 
(Hennessey, 1993. Mason, 1994 a, b; Roth, 1990; Vosniadou, 1991, 1994) since it is the fundamental 
condition to e.Kperience the need for knowledge revision wliile trying to integrate new information 
into pree.xisling conceptual structures. Therefore, collaborative reasoning on self-generated aitalogies 
ma y be a useful tool in creating and refining metaconccptual awareness about one's own 
representations and the reasons on which the given sclf'e.’cplanations are based. 

The aim' of this qualitative and quantitative stud)’ was to anal)"« the production and use of analogies 
self-generated by children in self-explaining the examined s<.ientific phenomena, and to evaluate the 
effects of their collaborative reasoning and arguing on those analogies. 

The answers to the following questions were the objectives of the stud) : 

(a) Do fourth graders explicitly encouraged to create and apply self-generated analogies produce and 
use them to construct accounts of scientific phenomena? 

(b) Are these self-generated analogies influenced by learners' personal know ledge base? 

(c) How, if at all, does a col'iaborative reasoning conte.xt faciliute the evaluation of individually self- 
generated analogies and construction of more advanced explanations of the e.'xamined phenomena? 

(d) Does collaborative reasoning improve explanations at individual level? In other words, what 
conceptual growth can be identified in learners' individual explanations of the e.icamined scientific 
phenomena as appropriation of knowledge through socio-cognitive interaction in group discussioris? 

(e) Is there anv evidence that learners are metaconceptuaily aware of their conceptual growth? 

Method 

Subjects. A whole class in a public elementary' school in the Padova area (Northern Italy), made up of 
18 fourth graders, took part in the implementation of a curriculum unit within a wider science 
curriculum. The children, half girls and half boys, shared a homogeneous middle class social 
background. 

Material. The science curriculum unit dealt with air properties, in particular air pressure, a very 
important topic throughout school science (Brook & Driver, 1989; Ruggiero et al , 1985; Sird, 1985) 
as it is at the basis of many more or less simple phenomena Three air pressure phenomena were 
introduced to the children. 

( 1 ) A glass is filled with water and covered with a piece of cardboard. Then, it is turned upside down 
keeping a hand on the cardboard. Then the hand is removed. Why docs the water not come out? 

(2) A sink plunger is pushed hard on H a smooth surface. Why is it very difBcult to pull off? 

(3) A can of drink (iced tea) is turned upside down to pour the tea into a cup from a hole on its upper 

surface. Why does nothing come out? A second hole is made on the opposite side of the same sur&ce. 

Why does the tea come out? 7 



Educational setting. An innovative teaching-learning context was created to implement the complete 
science curriculum by stimulating socio-cognitne peer interaction: large-group discussions, the whole 
class, and small-group discussions, four or five students who held different conceptions on the same 
topic. The researcher fitted in with this educational setting in each session desoted to the science 
curriculum unit (two hours twice a week for about one month and haiO- 

Procedure. At the beginning the children were individually inter\iewed on the topic of air 
characteristics to ascertain their prior knowledge. In the first session they individually experienced 
with concrete objects the three phenomena on air pressure. Then they were asked to give an 
e.xplanation for each of them and to "think of something similar" (not to use the term "analogy") that 
could help to better understand each phenomenon. Moreover, they were asked if they perceived any 
similarities between the phenomena, and if so, which, In the next three sessions the children were 
di\ided in four small groups (two made up of four and two of five learners) ensuring that each group 
included children who had given different individual e.xplanations. Within each group, the children 
were askid to compare their accounts to collaboratively reach a shared e.xplanation of each 
phenomenon by evaluating and modifying the already self-generated analogies or creating new ones. 
In the next session a whole<lass discussion took place to give each group the opportunity to present to 
the others the explanations it had collaboratively reached and for a further exchange and comparison 
of interpretations. In the final session the children were again individually required to give their 
e.xplanation of the three air pressure phenomena. As in the initial session they were also asked which 
similarities they perceived between the phenomena. Moreover, they were asked three questions to 
ascertain, in an e.xploratory way, their metacognitive awareness (if any) of the growth in their 
conceptual structures (Do you think your ideas about the phenomenon x, y, z have been changed? If 
so, in what way they changed? Why do you think they changed?) 

Data source and analysis. Data were collected by audiorecording each session. Discussions were 
totally transcribed as were the initial and final individual inteniews. The data underwent both a 
qualitative and quantitative analysis. The first aimed at identifying and examining: (a) the individual 
self-generated analogies and explanations given for the scientific phenomena by each child before and 
after socio-cognitive interaction. The think-aloud methodology was used to allow them to express their 
thought processes; (b) the collaborative discourse-reasoning developed in the various grr ip 
discussions, in which the individually self-generated analogies arid explanations were evaluated, 
modified or abandoned in favor of new ones, in socially constructing sharable knowledge; (c) the 
e.xplicitation of metacognitive awareness of one's own conceptual growth in understanding the 
phenomena. The quantitative analysis aimed at verifying whether there were statistically significant 
diftcrenccs between the individual explanations given before and after the collaborative reasoning and 
arguing on the phen inena To this aim the data underwent the McNemar test 
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Prior knowledge: Air exists and takes up space 

Before introducing the phenomena lo the children, in the initial inlemew they wre asked some 
questions on air characteristics, lo sec whether they held the idea that air exists, look up space, and 
weighed. Shown an empty water bottle, 14 of them said there was no water inside but air and 
Sebasti^o added: "If there was no air it would be squashed". Il must be said that in third grade, while 
learning the metrical decimal system, in particular capacity measures, the children had experienced 
fhe existence of air inside empt>' bottles when they could not pour water firom one container lo another 
under certain conditions, To verify whether they could apply the idea that air look up space, they were 
shown a picture of an empt> bottle with a funnel and a tight -fitting rubber t round its neck lo prev'cnl 
the air from escaping. The picture showed that the water poured into the funnel could not pass 
through. The children were asked why. In this case, only 4 of them gave the correct explanation. 
Another question was aimed at investigating if the children recognized that air weighs by showing 
them a picture of two balloons equally inflated on a simple balance. The question was what would 
happen to the balance if one of the balloons were more inflated. Thirteen children said that the 
balance would go down on the side of the more inflated balloon as "Air weighs because il exists 
although we cani touch and see it". Of the remainder, 1 child clearly maintained that "air doesn't 
weigh", 1 said that il depended on the air inflated "... because if it's cold the balance tends lo go down 
but if the aiTs warm, it lends lo go up". Clear answers were not given by 3 children. As concerns the 
ph>'Sical properties of air, as we can sec below, some of the allemativc conceptions highlighted by 
proious studies involving students of secondary school age range (i.e. Engel -Clough & Driver, 1986; 
Ruggiero ct al., 1985; S6r4, 1985) and elementary school age range (i.e. Brook, Driver, & Hind, 
1989; Mason, 1986, 1988) were at the basis of many explanations given lo the phenomena examined 
here; 

- a strong tendency lo associate air with movement so "air docs nothing" when not in motion; 

- a strong tendency to focus on an active agent inside containers rather than atmospheric pressure 
outside, 

- no reference to pressure differences to explain phenomena, but rather lo a sucking, pulling air idea 
or to a sucking vacuum. 

Individually self-generated analogies and explanations 
First phenomenon: The gixss and the cardboard [ 

Each child was invited to perform the first phenomenon, designed to elicit his or her ideas about air 
pressure in equilibrium, by introducing a phenomenon which was unlkmiliar and contrary to intuition 



and e.vpencnce. Ten different anaJogics were individually self-generated in producing explanations. 



1. Water is like glue (6 children). 

"It glues the cardboard as it does a sheet of paper*. 

2. Water is lik( a magnet (4 children). 

"It's like a magnet but magnets attraa iron. It's like the water was the magnet and the cardboard was 
the iron". 

3. It's like small suction cups on toys (2 children). 

"When we play we push the small cups and they stick". 

4. It's like a pen cap on the lips (2 children). 

"If you put a pen cap on your lips and then you suck, it stays up because of lack of air ... the pen cup's 
like the cardboard and the water's like the vacuum in the middle, the pen cup's like the edge of the 
glass, the difference's that here instead of air pressure there's water pressure doing the sucking". 

5. It's like a glass on the mouth (1 child), 

"A glass can be made to slick to the mouth after drinking". 

6. Water is like saliva which sticks (1 child). 

"When I don't want to use glue I lick the paper and it sticks for a while The water inside the glass 
glues the cardboard as if it was saliva." 

7. It's like when a piece of paper sticks to the TV screen (1 child). 

"Sometimes when you touch the TV screen you can hear a buzz (zzzz). One day I was holding a piece 
of paper. I was in front of the TV screen. I didn't lay it on the screen but it stuck to it". 

in 8 It's like when a piece of cellophane sticks to my hands (1 child). 

"If there's a piece of cellophane on the ubie and 1 put my hand on it, it sticks and it doesn't fall". 

9 The cardboard is like a bung which prevents water from falling down ( 1 child). 

10 The cardboard is like a sponge holding water (1 child). 

The self-generated analogies were affected by the children alternative conceptions and they varied in 
validity and quality of e.xplanation. As can be seen, three (3, 4, 5) are acceptable, although at different 
levels, from a scientific point of view as air pressure phenomena are invohed. However, 
analogical sources were not understood in scientifically appropriate ways. Interestingly, in this phase 
none of the children who self-generated these three analogies referred to the explanatory structure in 
terms of air pressure difference. The other analogies rev'ealed that in trying to figure out the 
mechanism which produced the phenomenon, the children focused on its tangible aspect, so the fact 
that water did not come out reminded them of other phenomena in which something else stuck. The 
following is a part of the e.xplanation offered by Andreina who produced several analogies in trying to 
figure out the result of the experiment 

Water doesn't come out because the cardboard, I think, absorbs water, it's like a sponge holding water 
[after replicating the phenomenon by using a piece of paper] also paper absorbs water, maybe water 
with paper or cardboard's like a magnet, a magnA which attracts iron, a magnet's hard instead water's 
liquid ... I remember that sometimes after drinking I play in this way with the glass. Ill show you it 
[she shows). I put it on my mouth and the air inside the glass keeps it on the mouth, here the air's 
O . outside ... I doni know ... But I have to do this (she sucks) with my mouth to keep the glass on. Here 

ERJC push the cardboard on the glau, there's air inside the glass, no, no. 1 don't think so, no ... the gi«w 

hi iM u m ii m ii i ii filled with water yet it stays up, this that here air doesnl matter. 



All the individual explanations given to the phenomenon were as follows. 

• Water attracts the cardboard (5 children). 

• Water glues the cardboard (4 children). 

• Air inside the glass sucks the cardboard up (4 children). 

- Air cannot gel in to replace water (2 children). 

• Outside air pushes the cardboard up and holds it up (4 children). 

The most advanced initial explanation was given by the few children who changed their 
representations of the phenomenon during the interview. They started with one of the above reported 
alternative explanations but they realized it was not effective, so while trying to figure but the 
phenomenon better they were able to reach an acceptable, ^though partial, explanation. An e.xample 
is Elena's reasoning: 

Let's see. I don't think that the cardboard absoibs water because I also used a piece of newspaper and 
the water didn't come out, practically it's the same. Probably there's a force inside the glass, it':- filled 
with water, water can have a force, that is water's like a glue for the cardboard ... Let's see ... When it's 
wet the cardboard sticks better ... I'm not very sure, convinced about that ... I must do the e.xperiment 
again (she does it). I'm thinking that it could be a force that pushes the cardboard to stick to the glass 
... let me see again ... yes! The air outside the glass pushes the cardboard to stick to the glass. 



Second phenomenon: The sink plunger 



Each child was invited to test out the plunger on different surfaces and then to explain why it was 
difficult to remove it fiom a smooth surface. 

Seven analogies were individually self-generated in producing e.xpIanations. 

1 . It is the same mechanism as the small suctions cups on sofi toys (5 children). 

2. It is like the glass inverted with the cardboard attached to it (3 children). 

3. It is like a pan with a lid (1 child). 

"When you put a lid on a pan on the fire, the lid traps some air and when you liA it there's a little 
vapor inside and it's quite difficult to pull ofT. 

4. It is like a parachute (1 child). 

"Both the plunger and a parachute get inflated*. 

5. It is like when you press something on the ground (1 child). 

"When something's pressed hard on the ground it breaks, here it|s the same but the pushed air doesn't 
break on the surface*. 

6. It is like super-glue (1 child). 

* When you spray super-glue, if there's air in few seconds it hardens, but it doesn't if there isn't any air. 
When the plunger's pushed down it's like super-glue when there is air*. 

{ ; 

7. It is like a balloon inflated with air (1 child). ' 

*Both the plunger and a balloon have air inside and are closed*. 

The children's self-produced analogies in trying to figure out this air pressure diflcicnce phenomenon 
were based on what they conceived was the underlying mechanism, that is the presence of air under 
the plunger cup. It is interesting to note that one of the children who drew the analogy between the 
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glass and the former in terms of air trapped inside the cup. In making the correspondences between 
the two analogs she was therefore "forced* to change her representation of the source itself in order to 
avoid a conceptual conflict and manage to combine contradictory CN'idence. She said; "... ma}!^ there 
was air inside the cardboard which keeps it up ... Here, when you press the plunger in such a way air 
is kept inside the red cup. Yes, there's air in botli." Also the other two children who made connections 
with the glass and cardboard phenomenon perceived the similarity only in terms of internal air that 
kept the cardboard attached to the glass and the plunger attached to the surface. 

All the individual explanations given to the examined phenomenon were as follows. 

• Air trapped inside makes the plunger stick (10 children). 

• No air inside the plunger (S children). 

- rhe plunger is made of a special rubber (1 child). 

• No air inside the plunger and outside air pressure (1 child). 

- 1 don't know (1 child). 

None of the children understood the phenomenon in terms of difference in air pressure inside and 
outside the plunger cup. The most advanced explanation was given by Giovanni whe mentioned the 
outside air opposing resistance. While reasoning on the phenomenon he said. 

Air's against you. Yes, it's logic, air would be against to you. But Tm thinking that the air should 
make resistance to every object in here, but it doesn't Why? Why? 

This is a clear example showing the children's difficulty of tliinking in terms of relationships between 
internal and e.xtemal air pressure. Giovanni held the idea of vacuum inside the cup and the idea of 
pressure exerted by the e.xtemal air in the room but he could not figure c- how the latter did not 
affect the other objects that he could pull up easily. He was not able to combine the two aspects of 
vacuum inside and external pressure outside in a relationship based on pressure difference. Significant 
j| is his metacognitive reflection on experiencing conceptual difficulty. The two most popular 

interpretations assigned the air inside the plunger cup a crucial role in "sticking", "holding", "pulling 
down. A typical one was: "Air's trapped inside the cup, there's a force inside that makes it difficult to 
pull it up". 



Third phenomenon: The can with one or tno holes 




In explaining why the tea came out orly when there were two holes in the upper surface of tlie can, 
the children individually self-generated the nine analogies that follow 

1. It is like the situation of the bottle with the funnel and a tight-fitting rubber around its neck (3 
children). 

2. It is like when you open a can of oil (motor oil or cooking oil, 2 children) 

"I see my Cither when he changes the oil in his car He makes two holes arid he told me that one hole 
is to allow the air to come out and the other to allow the oil to come out Two things cant go out at the 
same time through the same hole. A big whole would he oeoeiaaiy aa with puil*riiig cam 

t lA .. 






'Also my mother makes two holes when she opens the oil can to cook chips, it's the same*. 

3. It is like what happens when we pour wine from a bottle to another (2 children). 

4. It is like a water-clock (1 child). 

"I tried to make a kind of water<lock by using two bottles, but the water trickled through very slowly, 
so I made a hole in the upper bottle and the air came out". 

5. It is like emptying something (I child). 

"When you pull a bd off to empty a lanl: for example, all the stuff comes out and the air goes in it*. 

6. It is like when a poo! is emptied of water (1 child). 

"I saw two plunges being opened to empty a pool. There was air underneath and only one plunge w^ 
not enough* (1 ctuld). 

7. It is like when there's a narrow door and two people want to pass through together (1 child). 

8 "It is like when we use armbands for swimming. The air doesn't come out e\en the small hole is 
open. In the meanwhile there's air around us, the ai.r should go into the armbands and the air inside 
come out. So it's quite difficult, you have to squeeze them if you want the air to go out from the small 
ho'c" (1 child). 

9. It is like what happens in the inverted glass experiment (1 child). 

'There's air outside the cardboard and it helps it to remain attached, here the air wants to go in the 
ran and the tea go out, the air helps both, there to suy up, here to pour the tea out'. 
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The analogies self-gene rated to give an account of this phenomenon, compared with other ones self- 
j.eneratec' to e.xplain the first and second phenomenon, although varying in quality of explanation, 
were the most valid and appropriate. They indicated how the children had some intuitive knowledge 
which could be used as an anchor for new knowledge. Of the three children who made the analogy 
with the bottle-and- funnel situation referring to the idea that both air and water take up space, two 
pointed out that in this situation the air was outside while in the previous one it was inside the bottle. 
For example, Irene said: 

The last time I told you that air has to go out for the water to go in and then when the rubber was 
between the bottle opening and the funnel, the air could not go out. Here it's similar, but the opposite 
because the air goes in and the water, not the tea, comes out 

In referring to the same source situation, the third child, Martina pointed out that air was both inside 
the bottle and inside the can and that from both places it had to go out to allow a bquid to enter. She 
then produced the analogy with armbands to strengihen and support her idea that the air inside a 
container cannot go out from a very small hole unless you push it out. 

All the individual explanabons given to the examined phenomenon were as follows. 

• If there is only one hole the outside air, that has to go in to allow the tea to go out, and the tea clash. 
If there are two holes the air goes in through one hole and the tea goes out from the other (9 children). 
- If there is only one hole the tea and the air inside the can have to go out from the same hole. If there 
are two holes the air inside goes out from one hole and the tea goes out from the other (3 children). 

• If there is only one hole the outside air and the tea push on the same hole. If there are two holes the 
outside air pushes and goes in through one hole and the tea pushes and goes out from the other (3 




children). 

• If there is only one hole the ten gets less force to go out. If there are two holes 'liC tea gets more force 
to go out (2 children). 

• I don't know (1 child). 

The most popular reason referred to a correct intuitive representation of the phenomenon although not 
expressed in terms of pressure equilibrium and difference. Apparently this third experiment was more 
easily explained by the children as it was not contrary to intuition and more familiar. In fact it 
reminded some children of the situation introduced in the initial interview where water could not go 
into the bottle because of the rubber between the funnel and the bottle opening, and their experience of 
pouring liquids. 

The initial perception of similarities between the three phenomena 

After e.vplaining the three phenomena indi\idually, the children were asked if they could identily any 
similarities between them and, if so, which. All of them were able to recognize some similarities 
although not all between the three phenomena and at different levels. The similarities between the 
three phenomena perceived by 14 children are as follows. 

• In all the phenomena there is air which does something (5 children). 

"From the plunger air escapes, there it helps the cardboard to stay up and in the can it goes in to allow 
the tea to come out". 

• In all the phenomena there is air inside a container (4 children). 

"All the objects holding something have air inside them". 

• In all the phenomena something does not happen. 

"The water doesn't go down, the plunger doesn't come off, and the tea doesn't go out" (2 children). 

■ In all the phenomena there is the same mechanism, that is "the ordinary air pressure which 
continuously pushes on something" (2 children). 

• In all the phenomena there is no air inside a container (1 child). 

The higher-level identified similarities were expressed by the two children who mentioned the 
underlying mechanism caused by air pressure. They were the children who gave the most advanced 
explanations of each phenomenon. 

The similarities between two of the three phenomena perceived by tlie other 4 children are as follows. 

- "The plunger and the glass are similar because they stick, the can's different" (1 child). 

• "There's something which acts as a magnet in the plunger and in the inverted glass but not in the 
can, it's different" (1 child). 

• "The ex-periments with the plunger and the can are similar because they don't allow what's inside to 
go out" (1 child). 

- "The glass and the can are similar because they can make a liquid go out* ( I child). 



The social construction of knowledge: Collaborative reasoning and arguing on individually self- 
generated analogies and explanations 

The children, di\idcd in four small groups, each including learners who had expressed different 
individual conceptions in the prexious individual sessions, were asked to compare their personal 
ex-planations by evaluating the already generated analogies and creating new ones to coUaboraiively 
reach a shared explanation of the three phenomena. The teacher participated in the group discussions 
only if the children required her presence at some point of their reasoning and arguing. 

First phenomenon: The glass and the cardboard 



The following e.vccrpts are drawn from the sequence of discourse-reasoning about the phenomenon of 
the inverted glass ^ dev eloped within one of the small groups. 

(1) Giovanni First of all weVe got to decide why the water doesn't come out from the inverted glass. 
Let me sec ... The explanation 1 can give you is that the air pushes, that is, the air's under the glass, it 
goes to the cardboard and the cardboard to the glass and it remains attached. The air pushes. 

(2) Kfatteo: No, no, the air's inside the glass, it attracts the carcTxtard. 

(3) Giulio. I think it's like a magnet 

(4) Jenny. Yes, the water in the glass attracts the cardboard. 

(5) Giovanni: Well, so Pm the only one who says that the outside air pushes. Youhe said that the 
water attracts, so we've got to decide. But let me ask you a question. "How can water attract? What 
force does it have? It's the air that pushes. 

(6) Matteo I\e explained that once I licked a piece of paper and it stuck, so water could be a kind of 
glue. 

(7) Andreina: But how can water or outside air attract the cardboard? I '.on't understand. 

(8) Jenny: Because the water ... no. in the glass there's air, it attracts the cardboard. This's what I say. 

(9) Giovanni: Do you remember that nobody at school told us that air attracts? B)' reasoning during 
the interview I understood that the outside air pushes, it has a pressure. 

(10) Andreina: When I put the glass here, on my lips, and I do this movement [she shows it], it's the 
air which sucks it up. 

(11) Giovanni: Pm Sony, but it’s you who's sucking ... you and the glass's kept up. It's different in that 
case, here nothing does that, nothing sucks, instead we know that air pushes but there's also the water 
with its pressure which pushes, so . .. Giulio, what do you think? 

(12) Giulio: maybe you're right, maybe . . . but it’s pretty difiBcult to figure out 



This first part of the discussion shows how its dynamics was characterized b>‘ oppositions and counter- 
oppositions Giovanni, who initially had individually given the most advanced explanation contrasting 
any other supported by his classmates, will scaffold their reasoning to make more acceptable the 
external air pressure idea. Water as a glue was not developed any more in favor of the idea that 
something mus* suck, be it water or supposed internal air as Jenny's assertions show. The analogy 
drawn by Andreina, that will surface again during the discussion, was rejected by Giov anni who 
pointed out that the examined phenomenon did not involve any form of sucking inside the glass and 
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then he underlined the fact that two forces were involved. Here another sequence from the same 
discussion is reported. 

(55) Giulio: I think that the cardboard's wet, it's like if it was against the water in the glass and so 
this doesn't come out because there's water against water. 

(56) Gio anni: But then the water in the glass would win because it's much more, if it was water 
against water the cardboard would drop. 

(57) Giulio: When the cardboard's wet it gets heavier. 

(58) Giovanni: Even better!! It will fall down. Instead there must be another force which pushes in the 
opposite direction. 

(59) Giu//o: M ... Fm thinking about this. Ma>be it's true, maybe it's the air. 

(60) Giovanni: The outside air. Neither wins because if the air won the cardboard would be in this 
position [he shows it], instead if the water won it would fall dowa 

(6 1 ) Giulio: You mean that there are two equivalent forces, water and air are two equal forces. 

(62) Jenny: Ma>be I understand why the water doesn't go down: the air pushes to the glass edge and 
in this way the cardboard stays up. 

(63) Andreina: I'm puzzled because I don't understand why the cardboard sticks to the glass because of 
the external air under the glass. There's air also above the glass. 

(64) Giovanni: Yes, the air pressure above pushes the glass and the air pressure under pushes the 
cardboard on the glass. It's ri^t. 

(65) \faiteo: There's air but if you put a hand under the glass you don't feci the air, it's transparent, it's 
a very particular thing. 



The sequence is the furthering of Giovanni's claim about two opposing forces which helped the 
children to accept the new idea of external air pressure. Interestingly, Giulio, who probably because 
of an implicit presupposition of his was looking for another force also exerted by water, was scaffolded 
by Giovaimi'i counter-opposition to change his mind. Moreover, also Andreina's metaconceptual 
reflection showv that she was busy connecting new developing knowledge. She could then experience 
difficulties in combining and integrating it all as well as Matteo who pointed out that air is *a very 
particular thing’ meaning that it was still implausible to believe that a ’transparent" thing could push 
on something. The next sequence is foc'sed on the evaluation of some analogies that had been 
individually self-generated. 



(78) Giovanni: Those comparisons [written on a poster] aren't valid any more. 

(79) Giulio: Yes, right, we've got to find a better one fitting our new explanation. 

(80) Slaiteo: I think that the comparison with the TV [he had generated this analogy] is right because 
the water sticks the cardboard like glue and there because there's electricity. 

(81) Jenny: No, I don't agree with you it isn't the same, no. We've got another explanation now. 

(82) Giovanni: I didn't agree with you at all, Matteo, because water and electricity art two different 
things. 

(83) Andreina: Yes, it's true, theyVe got nothing in commoa 

(%A)Giulio: Maybe Fve got a comparison, it isn't right but it can explain: it's like a tool made up of two 
forces, for example two pieces of iron. The air pushes upward and the water downward. 

(85) Andreina: Saying that water's like glue or a magnet's totally rejectable, instead the comparison 
with the cellophane could be good, as it stays attached to our hands. 

(86) Giovanni: No, I disagree, the paper sticks to our hands but the air doesn't matter, air doesn't push 
in that case, and the idea that water's like a magnet is completely crazy. 

(87) Jenny. Yes, I "ve thought over this idea and it isn't very good. 

(88) Giovanni: 1 think that the glass-on*the*mouth situation, reported by Andreina, could appear 
similar but in our experiment inside the flaai there's no vacuum, theie'i water, but when we try to 



there's air outside, yes, the external air pushes on everything, also in that case. Oh good grieT Yes, 
OK, they are similar. 



The excxrpl shows that some of the individually self-generated analogies were abandoned and that the 
analogy with the situation of a glass on the mouth was accepted by Giovanni who, trying to 
demonstrate a major difference between the analogs, came to find out their similarity in terms of 
external air pressure. 

The next e.xtiacts come from another sm^-group discussion on the same experiment which did not 
come to share the idea reached by the' previous group. The children started to reason and argue 
together aher reading all tlie different explanations given, written on a poster. 

(30) Valentina: The idea that the air inside the glass sucks the cardboard up isn't right because weVe 
seen that the glass was filled with water and so there couldn't be any air inside it. The other one that 
e.vtemal air pushes the cardboard to the glass isn't correct either because the outside air has nothing to 
do with this, so all we can say now is that water's like a plunger for the cardboard, it sucks. 

(3 1 ) Christian: 1 think that also the other comparison's right because the cellophane stays attached Hke 
the cardboard to the glass, it's the same situation. 

{22) Alessandro: I think water's s like a suction cup on a toy, you stick it to the window. It's the same 
thing done with other stuff. 

(33) \fartina: I agree with the idea that water's like a suction cup because the glass sucked the 
cardboard, the water acted as a cup. 

(34) Alessandro: Yes, the glass was full of water so it couldn't have any air inside. 



The idea that water in the glass "sucked" the cardboard up, which reminded them of the action of a 
suaion cup, was initially accqjted by the group who then called the teacher to express their shared 
e.xplanation of the phenomenon. 



(41) Teacher: Why are you rejecting the other ideas? 

(42) Valentina: The id» of external air pressure's absolutely wrong because external air has nothing 
to do with the glass. 

(43) Teacher: You say the external air has nothing to do with this situation. 

(44) Christian: Pm changing my mind. I want to say that the outside air pushes the cardboard to the 
glass, towards the glass, and in this way it helps it to stay up. 

(45) Kfartina: I disagree, air cant push the cardboard because the external air's normal, that is, it isn't 
all concentrated on the cardboard. 

(46) Valentina: Maybe there was a small draught and so the cardboard stays up. 

(47) Martina: It doesn't make me understand the matter, I don't agree, I need someone to persuade me. 

(48) Christian: TU try: Imagine that this is the glass. I turn it upside down, the air which's around here 
pushes, it pushes the cardboard. 

(49) Kfartina: But how is it possible? All the air go against the cardboard? It must be very strong. 

(50) Alessandro: It doesn't seem to me very ... 

(5 1 ) Teacher: What about other similar situations? 

(52) Valentina: We've decided that water was like a suction cup which sucks, practically the water 
attracted the cardboard. 

(53) Alessandro: Yes, HI go back to my previous idea, the water attracts the cardboard. 

(54) Christian: I want to say this new idea's the best Air pushes and another situation's similar, that 
is, when you've eaten candies, then the cellophane around them stays attached to your hands because 
also there the air pushes. 

(53) Alessandv: No, oo, the comparison with a magnet's much better, it's closer to the idea that water 
attracts the cardboard. 



In gi\ing the teacher their reasons for rejecting the other ideas, the children maintained again their 
alternative explanation, well expressed in Alessandro's words, through the comparison with the action 
of a magnet. Christian, the only child who tried to think of the phenomenon in terms of atmospheric 
pressure, interpreted also the inappropriate analogical source in terms of the new developing idea. It 
can be seen, and better still in the next excerpt, that Martina and Alessandro could not integrate in 
their conceptual ecolpg> the ido of external air pressure given their ontology of air. that is. the 
implicit pre^pposition that air can exert a force only if it is in motion in an open space. 

(67) .Kfartina: I can't understand hOw this idea's true. 

(68) Christian: May I explain something to you? This is the free air and this is the cardboard, the air 
pushes it and it makes it stick. 

(69) Kiartma: Yes, but how can it do that? I'm not yet convinced about that 

(70) Alessandro: Christian, weSe understood your idea but you have to e.xplain to us why it happens, 
why it happens. Why? 

(71) Christian: Air pushes. 

(72) Alessandro: Why does it push? 

(73) Martina: Explain it to us in simple words if you can't explain it very well. 

(74) Christian: Because air goes fast, it seems to go slowly but it goes very fast. 

(75) Martina: Anyway, how is it possible that there's always a draught here? Tell me! 

(76) Alessandro: I think the water attracts the cardboard and by attracting it the water in the glass 
keeps it up. The inside and outside air have nothing to do with it 

(77) Christian: Guys, let's pretend that this is the cardboard, under it there's the air which pushes it. 
It's this, only this. 

(78) Marima: But is there always a draught? How is it possible that there's a draught under the 
cardboard’’ 

(79) Alessandro: So far, Christian, youVe been able to tell us only this. 

(80) Martina: How can I understand what you say? Because, my friend, there isn't always a draught 
which pushes the glass. 

(81) Christian: The air in the room pushes the cardboard against the glass. That's all. 

(82) Alessandro: What Christian said's wrong. A very suong draught would be necessary, oOierwisc 
the normal air's to weak The experiment's like a whirlpool, if you throw something, it sucks it in. It's 
the same here. Water, not air, has a force. 



Christian was not able to support his intuition about external air pressure to persuade his classmates of 
its plausibility. He was challenged to explain it better, that is, the opposers requited him to give them 
shatable reasons for the idea to be accepted. Indeed, it would be a very hard job since his idea was so 
implausible and alien to their representations of the air properties, based on the ontological belief that 
only air in motion can exert a force. The end of the group discussion pointed out the alternative 
conception about the sucking action exerted by the water in the glass emphasized through the analogy 
of the whirlpool. The explanation shared by the group will be argued over in the final whole class 
discussion that will help Martina and Alessandro to revise their entrenched belief about what static 
air can and cannot do, that is, their personal ontology of air. 



Second phenomenon: The plunger 



The following excerpt is part of a small-group discussion on the plunger phenomenon. It begins after 
a child, Sebastiano, noticed the air noise made by the plunger pressed on a smooth surface. 

(28) Sebastiano: May I say something? Try to put your hand here. I’d argue that it made a noise 
because there was a little air in the middle of Ihe cup and it was pushed out. 

(29) Enrico: If air remained inside, the plunger would pull off, the air's forced to go out by pushing 
the plunger dowiL . 

(30) Sebastiano: Yes, as I said there's no air inside. 

(31) Elisa: But why does then the plunger pull off? 

(32) Giacomo: Why? Tell us why. 

(33) Enrico: Outside air makes resistance, it wants to go in where there's nothing. 

(34) Giacomo: Yes, it would like to go in. 

(35) Enrico: The external air does this and that [he shows what) so we find it very difficult to pull the 
plimger up. Here, on the wall, instead, it's very easy because there arc little bulges on the surface it 
doesn't stick weU. 

(36) Elisa: You mean that there's always air inside the cup here? 

(37) Sebastiano: WeVe got to e.xplain better Let me try again. If here there's a little bulge you can't 
push down, it doesn't stick well, the air can come out tut also go in. 

(38) Enrico: The very same thing happens with the toy suction cups on the windows. 

(39) Elisa: Thus, the comparison with super-glue has nothing to do with the plunger. 

(40) Enrico: It's simply what happens to a material in the air, it has nothing lo do with this. 

(41) Elisa: What do you think a^ut the comparison with the lid sticking to a pan? 

(41) Sebastiano: No, it isn't right because the lid doesn't stick perfectly. 

(42) Enrico. Besides, it isn't right because you put a lid to stop the vapor from coming out, the vapor 
goes up so you don't have di£5culty in removing the lid; air helps you, it pushes you, it isn't difiBcult at 
all. The situations are similar only because there's something to be pulled up but they are opposite. 
Here it's very difBcult to pull the plunger up because there's a force opposing the force you exert 
There, you don't have difficulty because there's a force, the vapor, which lifts the lid. 

(43) Giacomo: I agree with Enrico and S^iastiano, it isn't similar 

(44) Enrico: It's correct to make a comparison with the situation weVe already discussed, that is, that 
of the inverted glass. There, there was water inside the glass and no air, here, there's nothing in the 
cup and the outside air pushes here but also there. 

(45) Sebastiano: That's OK. 

(46) Giacomo: Yes, OK, those things are si milar 



The argumentation dynamics in this discussion sequence was characterized by co-construction of the 
new knowledge that the children were trying to integrate in their own conceptual structures. Two of 
the individually self-generated analogies were critically examined and considered as not valid in 
explaining the mechanism underlying the phenomenon. A new appropriate shared analogy was fi nall y 
identified, although not clearly and completely explicited, which helped them to connect two of the 
experienced phenomena in a wider and more integrated framework about internal and external air 
pressure. 

J I ' 

Third phenomenon: The can with one or two holes ' ' 



The two following excerpts come from different group discussions. The first shows that the 
00 



explanation of the phenomenon (although with no scientific words) which neccssar)' asked for a new 
sharable analogy. The second reports the children's criticism of some analogies based on the new 
developing knowledge and the identification of new structural similarities between the examined 
situation and a prexiously analyzed one. 



(4) Elena. From one hole the tea comes out, from the other the air goes in, it doesn't come out. 

(5) Francesco: It isn't right to say that the air's inside and it can't go out because there's only one hole. 
No air's inside and so it can't go out from one hole and the tea from the other. 

(6) Igor: When there's only one hole nothing comes out because the air can't go in the can, it would 
need another way. 

(7) Francesco: When there's only one hole, the air and the water meet 

(8) Elena: The e.xtemal air makes pressure on the tea and so it can't go out, but also the air can't go in. 

(9) Frnncesco: The air and the tea clash. 

(10) Elena Neither goes in and neither comes out. 

(11) Francesco: We don't see air but it exists, it does something. ISe had a brainwave! 

(12) Irene: While in the bottle neck there was the rubber and the water didn't go in, here the rubber is 
when there's only one hole and nothing happens. 



(8) Sebastiano: The oil can situation isn't a similar thing, it's the same thing. 

(9) Soma: Yes, the same. There's one hole through which the air goes in and another through which 
the oil comes out. 

(10) Elisa: It's the same when we pour water from a liter and half bottle. 

(11) Er^rico: You mean that the bottle opening's big and so the water can pass through. All the things 
could be .. all cases where water or any liquid has to go out, air has to go in. 

(12) Sebastiano: To go in and out from a container. 

(13) Enrico: Yes, if the opening is large enough it allows the air to go in and the liquid to go out, but 
if the opening's nanow ... It's necessary for every substance to have its own route. 

(14) Sonia: I can explain another comparison, it's about a waierclock made by two bottles. You have to 
make one hole between the two bottle caps but also another hole in the bottle otherwise water finds it 
hard to flow. 

(15) Sebastiano: Yes, but the oil can situation isn't similar, it's just the same. 

(...) 

(24) Elisa: A liter and half bottle of water has a large opening, if it wasn't so large, if there was only a 
small opening, we wxxildn't be able to pour the water. 

(25) . Enrico: Yes, it would be clogged with the entering air and the escaping water. It's like what I've 
said: if there's a narrow door and two people pass through it in two c^posite directions, they get stuck. 
Two doors are necessary, one for the person who goes in and the other for the person who comes out 
It's also like the bottle with the rubber around the funnel. 

(26) Sebastiano: If there wasn't the rubber, the air would escape from the little space around the 
funnel, but if you put the rubber the air’s blocked, it can't go out and the water can't go in. 



It is noteworthy that the more the children approached the scientific explanation of the phenomena, 
the more they were able to recognize the structural similarity between the three, which in the most 
advanced learning products will be figured out in an integrated and comprehensive conceptual 
structure. 



Changes in explanations: Individual knowledge growth 
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BEST COPY AVAILABLE 



After the whole-clast discussion which followed the small-group discussions, each child was again 
individually asked to give hit or her explanationi of the three air prcamw phenomena in the light of 



what he or she had learned by collaboratively reasoning a d arguing on their initial self-explanations. 
For the quantitative analj’sis, the data underwent the McNemar test to see whether there were 
statistically significant difFerences between the individual explanations given before and afler the 
collaborative reasoning and arguing on the phenomena. 

The first phenomenon. As concerns the first phenomenon. Table 1 shows the conceptual progress 
emerged in the final individual e.vplanations. As can be seen, while in the first individual session only 
4 children mentioned the outside air (among them one ehild had used the word "pressure") which 
pushes the cardboard to the glaw . in the-final individual session 16 children explicitly referred to the 

atmospheric pressure, (1) = 12, p<.001. 

The second phenomenon. Conceptual growth in the final individual e.xpl^tions of the second 
phenomenon i' .ihown in Table 2. While in the initial individual session 10 children interpreted the 
phenomenon of the sink plunger by referring to the fact that the air trapped inside would make the 
plunger stick, in the final individual session only 2 children did, (1) = 8, p< 005. On the contrary, 
while at the beginning only 1 child referred not only to the vacuum in the cup but also to the external 
air prcsstire, after the peer interaction 10 children gave this explarution, X^ (1) = 9, p< 005. 
Moreover, another 3 children were also able to explicit the direction of the air pressure difference 
between the outside and the inside of the plunger cup. 

The third phenomenon. Table 3 shows conceptual growth in the final individual e.xplanations 
concerning the third phenomenon. While in the initial individual session 3 children gave a 
scientifically acceptable e.'cplanation, in the final individual session 11 children did, X^ (1) = 8, 
p< 005. b addition, another 4 children referred to the idea of pressure "balance" or difference between 
the outside air pressure and the pressure of the liquid inside the can. Examples of three children's 
initial and final individual explanations of the phenomena are shown in Fig. 1 . 
b giving their final explanations of what happened in experienebg the phenomena, be children drew 
analogies again. Some were a new individual product to give a better account of be newly learned 
material. For example, Igor generated be following analogy to explab what happened wib be one 
hole can; 

It's like a medicine dropper. It lets out one drop at a time not all the liquid togeber. It's like the can 
when it has only one hole, we have to squeeze it to have more liquid come out 

Other analogies were bosc who had been accepted as valid after their critical examination during the 
discussions. Moreover, in some cases, be children spontaneously explicited again be reasons which 
led bem to reject some analogies, mainly the analogy between water (or air) and glue and between 
water and a magnet For e.xample, Francesco -after criticizing his own analogy between be situation 
of be inverted glass and the one wib a piece of paper attached b a TV screen by saybg that air had 
nothbg to do wib it but rather it was a kind of shock- expressed his belief that be best analogy 
produced was that of a pen cap on the lips: 



It docs happen to me when I uy ... It's like the glass, the outside air exerts a pressure on the cardboard 
and on the cap, inside it there isn’t any air. When you put the cap on your lips, the air goes out, you 
have to suck before and then in the cap, or a glass, there's a vacuum or less air, so it remains attached 
to your mouth. It's also like what happens with the plunger. 

It is worth pointing out that reaching more scientifically accepted explanations of the phenomena, the 
children were able to perceive them within the same explanatory framework referred to the effects of 
air pressure, as we can see below, and to use the same analogy to account for all or two of the 
phenomena (i.e. the analogy with a glass which sticks to the mouth was referred to explain the 
mechanism of pressure difference for. the second and third experiment). 

The similarities between the phenomena. As table 4 shows, the children progressed in perceiving the 
structural similarity between the three examined phenomena. While at the beginning only 2 children 
maintained that all the phenomena had to do with external air pressure, in the final individual session 
12 children explicited that the mechanism of atmospheric pressure was at the basis of the three 
phenomena, (1) = 10, p< 005. Fig. 1 shows an example of a similarity perceived by a child in the 
initial and final session. 

Three children were able to recognize similarities only between two phenomena. Interestingly, two of 
them had explicited at the beginning a similarity between all the phenomena based on the fact that air 
did something, pointing out that especially in the glass and in the plunger cup the air was very 
important- By group dis^nissions they were convinced about the incorrectness of their personal ideas, 
so they conceptually progressed understanding that inside the glass there was only water and that 
inside the plunger cup pushed on a smooth surface there was the vacuum. This new understanding 
was so salient that in the final session they highlighted a similarity only between the phenomena of 
the inverted glass and the plunger. The other child explicited the same similarity recognized in the 
initial session between these two phenomena by saying that "they stick". 

Kfetacognitive awareness of conceptual growth 

Through the final individual interviews it was possible to investigate, in an exploratory way, whether 
the children thought they had changed their ideas about the phenomena, in what way, and why. All 
but one said that they had changed explanations and were able to explicit and motivate, although not 
ail completely, the changes in their conceptual structures. Moreover, several children referred to the 
reasons behind their previous conceptions, deeply routed on their personal ontology of air which 
associated it with motion. 

First of all, noteworthy are the metaconcqitual reflections expressed by the children, who experienced 
a successful revision of their own ideas, on the plausibility of the newly construrted knowledge which 
was no* easily combinable with their preexistLig beliefs. For example, Giovanni explicited the reasons 
behind his previous conception based on his entrenched belief about air 



O 



I didn't know about the internal vacuum and so I didn't know that in the plunger cup there 
air pressure and outside there was instead a greater air pressure ... we cant ^ the air so it s difficult 
For e.\ample, when there's a flood you can see the water sweeping everything away and so you can 
easily understand the concept of water pressure, but air isn't visible, you can perceive it when you 
breathe but it's very difficult to perceive its pressure here, in this room. Sometimes also for water you 
can't sec that it's pushing but I know that if I went to the deep abyascs Pd feel water pressing on my 

skin. 



Also Giulio maintained; 

We had to understand that air's all around us and presses us and the objects in the room. We cant 
touch the air but anyway it does its job . ..It isn't easy to be aware of it ' because we don't see it, we 
don't perceive it, and so we don't consider it 

In explaining the difficulties he had ex-perienced in changing the alternative theory that air can act 
only if in motion, based on the epistemological presupposition that something happens, exists only if 
detectable through the senses, Christian said: 

The outside air pushes. I only thought that air attracted. When Pm outdoor and there's a strong wind I 
feel that it comes tosvards me, I feel the air in motion. Here, in this classroom it's difficult to feel the 
air at least it would be necessary to have a window open, otherwise it's very hard. Even wA the 
windows closed there's air here, obviously, which allows us to breathe but its pressure's quite difficult 

to understand. 



Also Martina and Irene stated they had taken much Ume to understand what happened in the 
experiment with the inverted glass: 

1 bel ved that air existed but that it wasn't so powerful. I didn't know why I beUeved that. Now Pm 
convinced but before doing the experiments and discussing a lot I thought it was impossible to believe 
that air, the air in this classroom, exerts a pressure, it's continuously pushing. 

After discussing I understood that the external air's pushing on everything and it keeps the cardboard 
on the glass. I thought that one of my classmate's idea of a magi^ water's like a magnet, was right 
but then I saw that idea was misleading. But Pve got to say that it's very difficult to think of air, the 
normal air in this room, because now, here, there's air pressure but we are used to this pressure so we 
don't perceive it, we don't think of it 



Other metacognitive reflections expressed by the children concerned the analogies self-generated in 
understanding the scientific phenomena. Sebastiano commented the abandon of his initial analogy. 

The comparison with super-glue, which doesn't harden without air, came to my cnind because I 
thought that the air trapped in the plunger cup kept it stuck so the super-glue was a goa' comparisoa 
I held a wrong idea but if somebody had some wrong ideas he could change them by list''ning to the 
explanations given by the others. My idea that the air remained in the plunger cup, that the air sucked 
it down on the smooth surface, was so strong. I wasn't able to give another explanation, biu then by 
thinking of what my classmates were saying, by comparing the different ideas, I understood that there 
were more logical reasonings in what they said, that a better, more coned answer existed. 

Alio ValentiQa explained the i^on of one of the lint self-generated analogies: 



1 found out that the comparison between water and a magnet was completely wrong, it could lead you 
to the wrong way. 1 understood that water didn't have any effects against the cardboard, it pushes 
down but it doesn't attract. The glass's completely full with water, there isn't any air inside, the outside 
air's important not the water that isn't neither a magnet nor a glue. 



In appreciating the role of the collaborative discourse-reasoning, Gio\anni pointed out the help he had 
got from a particular analogy discussed in his group; 

If an idea was wrong, somebody could say (hat an experiment worked that way, but by discussing with 
the others he could recognize that the things hadh't happened in that way. The others didn't tell you 
"no, no, you're wrong", they persuaded you. Discussing's a different thing, it makes you understand 
much better. Also the comparisons we discussed in group helped me to figure out the experiments. 
One thing very difficult to understand is made much more understandable by another thing that's 
similar and easier. The comparison with the glass on your mouth helped me very much. 1 knew the 
situation with the glass on a mouth. 1 had tried it many times but I though that my mouth attracted the 
glass and nothing more. 1 didn't recognize that something pushed the glass against my mouth. After 
the experiments and discussing with the others I totally changed my mind and now I know there's air 
w hich pushes continuously on everything 







The metacognitivc reflections show that the children were able to self-regulate their own learning 
process through the metacognitive awareness of the need of changing conceptions and beliefs to 
integrate old and new information in their conceptual ecology In such a way, they experienced a 
successful revision of their knowledge. In the final individual interview only one child said that he 
had not changed his ideas 'Tjecause they were always correct". He generated several analogies based 
on his alternative conceptions, which then were critically examined and abandoned by the others but 
not by himself. For e.xample, as concerns the first and second phenomenon, he still held the idea that 
water stuck to the cardboard like it was a kind of glue and that the air inside the plunger cup stuck 
inside like glue. Indeed, he perceived a similarity only betv.een these two phenomena referred to the 
idea that both "stick". 



Discussion 

The first objective of t. study was to verify if fourth graders, explicitly encouraged to create and 
apply self-generated analogies, produce and use them in constructing accounts of scientific 
phenomena. A total of twenty-seven analogies were self-generated during the children's first 
individual attempt to understand what had happened when they had experienced the three 
phenomena. This shows that fourth graders can produce and use own analogies as a kind of self* 
e.xplanation both to help them to learn new material and to communicate their understanding to 
otiiers. These analogies varied in validity and in explanation qtiality. As shown above, they began 
from being based only on very surface similarities referred to the tangible aspects of the outcomes, 
detectable through the senses (e g. the analogy between the cardboard attached to the inverted glass 
and glue) and ended being based on a relational structure to explain the underlying mechanism in 



terms of air existence and its pressure (e g. analogy between the can with one hole and the bottle with 
the funnel or the analogy between the inverted glass with the cardboard and a glass on the mouth). 

As concerns the second objective, aimed at verifying if the self-generated analogies were influenced by 
the learners' personal knowledge base, it can be stated that their already possessed knowledge, mainly 
charaaerized by alternative conceptions of what air could do, affected the self-production of 
analogies. From this point of view, even the most incorrect analogies were consistent in the children’s 
conceptual structures. For example, ihe first phenomenon was in i tia l l y conceptualized referring to the 
water action, either as a glue or a magnet, since the children could not think of any kind of action 
c.\ertcd by the external air on the cardboard Likewise, the second phenomenon, . initially 
conceptualized in terms of trapped air in the plunger cup, was compared to other situations in which 
containers were filled with air, such as a parachute or a balloon because air 'Tceeps things up". 



The third objective aimed at verifying how a < ollaborative reasoning context facilitated the evaluation 
of individually self-generated analogies and the construction of more advanced explanations of the 
examined phenomena. The qualitative analysis concerning reasoning and arguing in group 
discussions indicated that through steps of critical opposition and of co-construction, the learners 
negotiated and renegotiated meanings and ideas to share a common knowledge based on the 
e.xplicitation of more appropriate analogies supporting more advanced explanations. Students wlio are 
given the opportunity to explicit, compare, criticize, and evaluate their verbal explanations can be 
facilitated in the process of knowledge growth. In particular, a more knowledgeable and competent 
student could be successful in scaffolding the group process of scientific understanding helping his or 
her classmates recognize the limitations of representations through which they interpreted facts. Being 
challenged in their personal ideas about what air could do, the learners could elaborate and integrate 
knowledge at a more advanced level experiencing the need for conceptual revisioiL Analogies 
individually self-generated were collectively critically examined in the light of the new developing 



understanding. Therefore, some analogies were easily abandoned as considered completely incorrect 
w hile some others, the most appropriate, were accepted or refined as they had passed the collaborative 
critical examination. 

The fourth objective aimed at investigating whether collaborative reasoning was fruitful at the 
individual level. In other words, whether conceptual growth was identifiable in the individual learners' 
explanations of the three phenomena as an effect of knowledge appropriation by socto-cognitivc 
interaction in group discussions. The quantitative dau indicated that the children significantly 
progressed in understanding each scientific phetwmenon by appropriating knowledge from the 
collaborative discourse-reasoning, although not all conceptually grew at the same rate. Most of the 
children at the beginning knew that air existed everywhere but the idea of air around us "pushing in" 
constantly from all directions seemed to them difficult to be accept as some child maintained. The txx 
that air is all around us and that it is an intimate part of our environment but invisible and "even you 
touch it you don't get anything", at the beginning hindered the recognition of some of its properties 



by almost all the children. In many cases, 



indeed, in their conceptual structures air was associated 



2 






with iis molion so it was very complicated, for example, to figure out how the air in the room, where 
there were no draughts and breezes, could push on the cardboard and make it attach to the glass. The 
major qualitative change in the children's' individual explanations for all the three phenomena 
concerned the reference to the atmospheric pressure whose action was recognized by ne 
ovenvhelming majority. All but two recognized it in the first phenomenon and, e\i>laining the second 
and the third one, one sixth of the children were also able to think of air pressure difference and 
e.\plicited its direction: Conceptual advances were also detected in the identification of the similarities 
between the three phenomena; from a similarity based on the presence of a coounon element, the air 
acting on the objects involved, for e.xample in holding something (the cardboard, the plunger, the tea) 
to a similarity based on the underl>ing principle of atmospheric pressure. As the children progressed 
in the scientific understanding of the three phenomena they were able to represent them within a more 
integrated and comprehensive explanatory framework. Moreover, in the final interviews almost all the 
children reported the criticism to some of the initial aitalogies discussed in group and the acceptance 
of others, and they also produced new appropriate analogies to communicate their new 
understanding. 

The last objective concerned an exploratory analysis of the children's metacognitive awareness about 
their own current representations and their experience of conceptual growth. All but one explicited 
metacognitive reflections. By referring to their initial ontological beliefs about air, some of the 
children pointed out that the idea about air pressure in a closed container such as the classroom was 
initial implausible to their conceptual structures. The change of explanations was reported by 
seventeen children and several of them provided the reasons behind their current representations. 
Metaconceptual reflections were also expressed on the function of analogy and on the self-generated 
analogies to motivate the rejection or the validation of some of them in the Ught of the new shared 
knowledge. The explicitation of successful knowledge revision revealed they had experienced the need 
for changing conceptions in integrating the new developing material by self-regulated learning. 




Educational implications 

From the findings of this study two main educational implications can be drawn. First, the results 
provide evidence that the self-generation of analogies is a means through which students explicit their 
own re^TCscntations appealing to the already possessed knowledge, as a starting point for conceptual 
growth. Self-analogizing, as a kind of self-explaining, is thus a constructive activity which encourages 
the integration of new developing material with existing knowledge, that is, it helps meaningful 
learning. Encouraging individual generation as well as collaborative development and modification of 
own analogies to explain scientific phenomena in the classroom is an appropriate way of giving 
studenu the opportunity to acknowledge and practice a kind of heuristic recognized as powerful in 
the practice of science. In everyday life individuals have to cope with problems and activities. 
Learning to produoe, use. evaluate, and modify own analogies and explanations in classroom sdenoe 






learning is a personal resource which may be of great v’alue also out of school. 

Second, the results highlight a way to promote new Icn'cIs of competence in learners operating within 
their zone of proximal development; to create a social constructivist learning environment based on 
classroom discussions in which students can question, criticize, and evaluate their different existing 
ideas brought to the science class. Teachers should consider that in becoming socialized to the 
complex scientific culture of our society, students need to be engaged in sharing meanings, ideas, and 
ways of reasoning and arguing. A new way of explaining scientific phenomena can be developed 
through socio-cognitive interactions in students' group discussions which is then appropriated on the 
iiidividual plane. Collaborative discourse-reasoning distributes the thinking burden and mak« pew 
knowledge socially shared scaffolding the cognitive activity. Deeply engaged in taking charge of their 
own understanding process, students use arguments as tools to critically evaluate the status of own and 
others' self-explanations. Argumentation practice stimulated in a peer discussion on a knowledge 
object supports students in reflecting and being aware of the value or the limitations and 
inconsistencies of personal explanations promoting their metaconceptual awareness, crucial to 
conceptual development. 

References 

Bransford, J.D., Franks, J.F., Vyc, N.J., &. Sherwood, R.D. (1989). New approaches to instruction: 
Because wisdom can't be told. In S. Vosniadou & A Ortony (Eds ), Similarity and analogical 
reasoning (pp. 470-497). Cambridge, MA: Cambridge University Press. 

Brook, A., & Driver, R. (in collaboration with D. Hind) (1989). The development of pupils' 
understanding of physical characteristics of air across the age range 5-16. Centre for Studies in 
Science and Mathematics Education, University of Leeds. 

Brown, A.L. (1995). The advancement of leaniing. Educational Researcher, 23 (5), 4-12. 

Brown, A.L. et al. (1993). Distributed expertise in the classroom. In G. Salomon (Ed.), Distributed 
cognitions. Psychological and educational considerations (pp. 188-228). Cambridge, MA; 
Cambridge University Press. 

Brown, A.L., & Campione, J.C. (1990). Communities of learning and thinking, or A context by any 
other name. Human Development, 21, 108-126. 

Brown, A.L., A Campione, J.C. (1994). Guided discovery in a community of learners. In K. McGilly 
(Ed ), Classroom lessons: Integrating cognitive theory and classroom practice (pp. 229-270). 
Cambridge, MA; MIT press/Bradford Books. 

Brown, A.L., A Palincsar, A.S. (1989). Guided, cooperati ' learning and individual knowledge 
acquisition. In L.B. Resnick (Ed.), Knowing, learning, and instruction: Essays in honor of Robert 
Glaser (pp. 393-345). Hillsdale, NJ; Erlbaum. 

Brown, D.E. (1994). Facilitating conceptual change using analogies and explanatory models. 

IntemahonalJoumal of Science Education, 16 ( 2 ), 201 * 213 . 

OLL 






i 




Brown, D.E., & Clement, J. (1989). Overcoming misconceptions via analogical reasoning; Abstract 
transfer versus e.xplanalory model construction. Instructional Science, 18, 237-261. 

Chi, M.T.R, de Leeuw, N., Chiu, M.H., & LaVancher, C. (1994). Eliciting Self-explanations improve 
understanding. Cognitive Science, 18 (3), 439-477. 

Clement, J. (1988). Observed methods for generating analogies in scientific problem solving. 
Cognitive Science, 12, 563-586. 

Clement, J. (1989). Learning via model construction and criticism. Protocol evidence on sources of 
creativity in science.. In J.A. Glover, R.R. Ronning, & C.R. Reynolds (Eds.), Handbook of 
crearA’/Yy (pp. 341-381). New York: Plenum Press. 

Clement, J. (1993). Using bridging analogies and anchoring intuitions to deal with students' 
preconceptions in physics. Journal of Research in Science Teaching, 30 (10), 1241-1257. 

Collins, A., Brown, J.S., & Newman, S.E. (1989). Cognitive apprenticeship: Teaching the crafts of 
reading, writing, and mathematics. In L.B. Rcsnick (Ed ), Knowing, learning, and instruction: 
Essays in honor of Robert Glaser (pp. 453494). Hillsdale, NJ. Erlbaum. 

Cosgrove, M. (1991). Learning science • a place for learners' analogies. Paper presented at the Annual 
Meeting of the Australasian Society for Educational Research. Brisbane, Queensland. 

Dreistadt, R (1968). An analysis of the use of analogies and metaphors in science. Journal of 
Psychology, 68, 97-1 16. 

Driver, R et al. (1995). Constructing scientific knowledge in the classroom. Educational Researcher, 
23 (7), 5-12. 

Duit, R (1991). On the role of analogies and metaphors in learning science. Science Education, 75, 
649-672. 

Engel-Clough, E., A Driver, R (1986). A study of consistency in the use of students' conceptual 
frameworks across different task contexts. Science Education, 70 (4), 473-496. 

Centner, D. (1983). Structure-mapping: A theoretical framework for analogy. Cognitive Science, 7, 
155-170. 

Centner, D. (1989). The mechanisms of analogical learning. In S. Vosniadou A A. Ortony (Eds.), 
Similarity and analogical reasoning (pp. 199-241). C^bridge, MA; Cambridge University Press. 

Gick, M L., A Holyoak, K.J. (1980). Analogical problem solving. Cognitive Psychology, 12, 306-355. 

Gick, M L., A Holyoak, K.J. (1983). Schema induction and artalogical transfer. Cognitive Psychology, 
15,1-38. 

Glytm, S.M. (1990). The teaching with analogies model. In K.D. Muth (Ed), Children's 
comprehension of text: research into practice (pp. 185-204). Newark, DE: International Reading 
Association. 

Glynn, S.M. (1991). Explaining science concepts: A teaching-with-analogies model. In S.M Glynn, 
RR Yeany, A B.K. Britton (Eds.), Tht psychology of learning science (pp. 219-240). Hillsdale, 
NJ: Erlbaum. 

Glynn, S.M. (1994). Teaching science with analogies. A strategy for teachers and textbook authors. 
Q.k 



Athens, GA: National Reading Research Center. 

Hennessey, M.G. (1993, April). Students' ideas about their conceptualization: Their elicitation 
through instruction. Paper presented at the annual meeting ogif the National Association for 
Research in Science Teaching, Atlanta, GA. 

Hesse, M. (1966). Models and analogies in science. South Bend, IN: Notre Dame University Press. 

/folyoak, K.J. (1985). The pragmatics of analogical transfer. In G.R Bower (Ed.), The psychology of 
learning and motivation, Vol. 19 (pp. 59-87). New York: Ac^mic Press. 

Joshua, S., & Dupin, J.J. (1987). Taking into account students co.nceptions in in^ctional. strategy; 
An example in physics, edgnirtort aniZ/rts/TT/erfon, 4, 1 17-135. 

Kobayashi, Y. (1994). Conceptual acquisition and change through social interaction. Human 
Development, 37, 233-241. 

Kuhn, D. (1993). Science as argument: Implications for teaching and learning scientific thinking. 
Science Education, 77 (3), 319-337. 

Larreamendy-Joems, J., & Chi, M.T.H. (1994). Commentary. Human Development, 37 (4), 246-255. 

Mason, L. (1986). Elaborazione ed acquisizione di conoscenze in classe; i concetti scientifici 
(Processing and acquisition of knowledge in the classroom: The scientific concepts). Orientamenti 
Pedagogici, 33 (3), 469-486 (In Italian). 

Mason, L. (1988). Pre-conoscenze e apprendimento in bambini di scuola elementare (Prior knowledge 
and learning in elementary school children). Scuola e Cittd, 9, 374-387 (In Italian). 

Mason, L. (1994 a). Analogy, metaconccptual awareness and conceptual change. Educational Studies, 
20 (2), 267-291. 

Mason, L. (1994 b). Cognitive and metacognitive aspects in conceptual change by analogy. 
Instructional Science, 22, 157-187. 

Mason, L. (submitted). An analysis of children's reasoning and arguing in classroom discussions to 
construct new knowledge. 

Newby, T.J., Eartmer, P.A., & Stepich D A. (1994, April). Instructional analogies and the learning of 
concepts. Paper presented at the aimual meeting of the American Educational Research 
Association, New Orleans, LA. 

Oppenheimer, R (1956). Analogy in science. American Psychologist, 11, 127-135. 

Prawat, RS. (1989). Promoting access to knowledge, strategy, and disposition in students; A research 
synthesis. Review of Educaiional Research, 59 (1), 1-41. 

Pontecon o, C. (1987). Discussing for reasoning: The role of argument in knowledge construction. In 
E De Cone, R Lodewijks, R. Parmenticr, A P Span (Eds ), Learning and instruction. European 
research in an international context (vol. 1, pp. 239-250). Oxford: Pergamon Press and Leuven 
University Press. 

Pontecorvo, C. (1990). Social context, semiotic mediation, and forms of discourse in constructing 
knowledge at school. In H. Mandl, E. De Corte, S.N. Bennett, A H.F. Friedrich (Eds), Learning 

and instruction. European research in an international context. Analysis of complex skills and 





complex knowledge domains. (Vol. 2.1, pp. 1-26). Oxford: Pcrgamon Press. 

Rcsnick, L.B , Lonnc, J., & Tcaslc)', S.D. (Eds.) (1991). Perpsectives on socially shared cognition. 
Washingtoo, DC: American Ps>chological Association. 

Roth, K.J. (1990). Docloping meaningful conceptual understanding in science: In B.F. Jones & L. 
Idol (Eds ), Dimensions of thinking and cognitive instruction (pp. 139-175). Hillsdale, NJ: 
Erlbaum-NCREL. 

Ruggiero, S., Cartelli, A., Dupti, F., A Vicentini Missoni, M. (1985). Weight, gravity and air 
pressure: Mental representations by Italian, middle school pupils. European Journal of Science 
Education, 7 (2), 181-194. 

S<ird, M.G. (1985). The gaseous state. In R. Driver, E. Guesne, & A. Tiberghien (Eds ), Children's 
ideas in science (pp. 105-123). Milton Kc>'neS, UK: Open University Press. 

Simons, P R.J. (1984). Instructing with analogies. Journal of Educational Psychology, 76 (3), 513- 
527. 

Stavy, R. (1991). Using analogies to overcome misconceptions about conservation. Journal of 
Research in Science Teaching, 28 (4), 305-313. 

Stcpich, D.A. & Newby, T.J. (1988). Analogical instruction within the information processing 
paradigm: Effective means to facilitate learning. Instructional Science, 17 (2), 129-144. 

Sternberg, R-J. (1977). Intelligence, information processing, and analogical reasoning. Hillsdale, NJ: 
Erlbaum. 

Sternberg, RJ (1982). Reasoning, problem solving, and intelligence. In RJ Sternberg (Ed.), 
Handbook of human intelligence (pp 225-307). Cambridge, MA. Cambridge University Press. 

Suzuki, H. (1994). The centrality of analogy in knowledge acquisition in instructional contexts. 
Human Development, 37, 207-219. 

Treagust, D.F., Harrison. A., A Venville, G. (1993, April). Using an analogical approach to engender 
conceptual change. Paper presented at the annual meeting of the American Educational Research 
Association, Atlanta, GA. 

Vosniadou, S. (1991). Designing curricula for conceptual restructuring: Lessons from the study of 
knowledge acquisition in astronomy. Journal of Curriculum Studies, 23 (3): 219-237. 

Vosniadou, S. (1994). Capturing and modeling the process of conceptual change. Learning and 
Instruction, 4 (1), 45-69. 

Vjgolsky, L.S. (1978). Mind in society: The development of higher psychological processes (M. Cole, 
V. John-Steincr, S. Scribner, A E. Souberman, Eds. and Trans.). Cambridge, MA: Harvard 
University Press. 

Wertsch, J.V. (Ed.) (1985). Culture, communication and cognition: Eygoskian perspectives. 
Cambridge, Ma: Cambridge University Press. 

Wituock, MC. (1985). Learning science by generating new conceptions for old ideas. In L. West A 
A. Pines (Eds.), Cognitive structure and conceptual change (pp. 259-266). Orlando, i 
Academic PreM. 

RO . 



Wong, D.E. (1993 a). Self-generated analogies as a tool for conslrycling and rrv'aluating explanations 
of scientific phenomena. Journal of Research in Science Teaching, 30 (4), 367-380. 

Wong, D.E. (1993 b). UndersUnding the generative capacity of analogies as a tool for e.xplanation. 

Journal of Research in Science Teaching, 30 (10), 1259-1272). 

Zook, KB., & Di Vesta, F.J 1991). Instructional analogies and conceptual misrepresentations. 

Journal of Educational Psychology, 83 (2), 246-252. 

Zook, K.B . t Maier, J.M. (1994, April). E£f ects of learner schemata and self-referencing on 
analogical mapping processes. Paper presented at the atmual meeting of the American ^ucational 
Research Association, New Orleans, llA? . 



Author note 



This article was written while I was a resident at the Rockefeller International Study and Conference 
Center in Bellagio (Como), Italy. To the Rockefeller Foundation I express my very grateful thanks. 

I also wish to thank the elementary school teacher, Marina Egano, for her interest and precious 
cooperation with this study. Moreover, special thanks to all the children. 



First phenomenon 



Initial $es$ion 


Final session 


Igor. The cardboard stays attached because the water in 
the glass produces pressure ... No, the air inside the glass 
keeps it, there's air inside which sucks the cardboard up 
in a certain way. In the glass there are both water and air. 


Igor: There isn't any air inside the glass, where there's 
only water, but the air’s outside and, from under the 
glass, it pushes the cardboard against the glass. Water 
pressure pushes down and air pressxire up so the water 
doesn't fall out. 


Second phenomenon 


Initial session 


Final session 


Francesco: Now I’m trapping air, a little of it goes out 
but much more remains in the cup. There, on the rough 
wall, there are many very small holes so the air can 
escape. 


Francesco: The air inside escapes and the air outside has 
a pressure on the plunger when I try to pull it off. It 
doesn't stay attach^ to the rough wall because the air 
can get into the cup and push but the outside air also 
pushes, so the forces are balanced. 


Third phenomenon 


Initial session 


Final session 


Giacomo: When you buy a can it's never full of 
something, there's always a little space for the air, so the 
air inside the can blocks the tea or coke from going out 
when you make one hole. 


Giacomo: If there's only one hole, the tea pressure pushes 
to go out, the outside air pressure pushes to go into the 
can, the air can't go in and the tea go out because both 
find an obstacle. 


Similarities betH^een the phenomena 


Initial session 


Final session 


Martina: There's always air inside, the air’s the 
fundamental element: there, the air's inside the can 
because when in the factory the machines put the tea 
inside the can, while they put the tea in, the cans fill with 
air; in the other one the air's in the glass, it's not visible 
but it's there; here in the plunger, the air's here, inside 
the cup All the objects that want to hold something have 
air inside. 


Martina: What they have in common is the pressure of 
ordinary air. Outside air pressure makes things do what 
we've just seen. In the first experiment the outside air 
pushes the cardboard against the glass rim and the water 
doesn't come down. In the second experiment the outside 
air pressure keeps the plunger attached to the smooth 
surface, inside the cup there's no air and no pressure. In 
the third experiment the outside air pushes on the 
hole on which also the tea pushes to come out and 
nothing comes out from the can. 



Fig. 1. Examples of changes in the individual explanations 



Table 1. Frequency distribution of the different individual explanations given for the fi^ phenomenon 
before and after group discussions (n=18) 



Before After 



- Water attracts the cardboard 


5 


0 


- Water glues the cardboard 


3 


1 


- The air inside the glass sucks the cardboard up 


4 


1 


- Air cannot get in to replace water 


2 


0 


- Outside air pushes the cardboard up and holds it up * 


4 


16 



(*) Significant difference at the . 001 level (McNemar test). 



Table 2. Frequency distribution of the different individual explanations given for the second phenomenon 
before and after group discussions (n=18) 



Before After 



- 1 don't know 1 o 

- The plunger is made of a special rubber 1 o 

- The air trapped inside makes the plunger stick ♦ 10 2 

- No air inside the plunger 5 3 

- No air inside the plunger and outside air pressure * l 10 

- Outside air pressure is greater than inside air pressure 0 3 



(*) Significant difference at the . 005 level (McNemar test). 






Tabic 3. Frequency distribution of the different individual explanations given for the third phenomenon 
before and after group discussions (n=18) 





Before 


After 


• I don’t know 

- If there is only one hole the tea gets less force to go out. If there are 


1 


0 


two holes the tea gets more force to go out 
• [f there is only one hole the tea and the air inside the can have to 
go out from the same hole. If there are two holes the air inside 


2 


1 


goes out from one hole and the tea from the other 
- If there is only one hole the outside air, that has to go in to allow 
the tea to go out, and the tea clash. If there are two holes the air 


3 


0 


goes in through one hole and the tea goes out from the other 
• If there is only one hole the outside air and the tea push on the 
same hole. If there are two holes the outside air pushes and goes 


9 


2 


in through one hole and the tea pushes and goes out from the 
other * 

• If there is only one hole the outside air pressure and the lea 

pressure are balanced. If there are two holes the tea pressure on a 


3 


11 


hole is greater than the air pressure. 


0 


4 



(*) Significant difference at the .005 level (McNemar test). 



Table 4. Frequency distribution of the different similarities identified between the three phenomena before and 
after group discussions (n = 18) 



Before After 



- There are no similarities between the three phenomena (only 

between two phenomena) 4 3 

• In all the phenomena something docs not happen 2 0 

• In all the phenomena there is air inside a container 4 0 

• In all the phenomena there is air that does something 5 3 

• in all the phenomena there is no air inside a container 1 0 

• In all the phenomena there is the same mechanism, that is, the 

Q ordinary air pressure which pushes continuously on something * 2 12 



